The aim of the study is to assess Crotalaria ochroleuca susceptibility to six Heterodera glycines races. To this, C. ochroleuca seedlings and two soybean cultivars were transplanted and individually inoculated with nematode races 1, 2, 3, 5, 6 and 14. Plants were collected and assessed 30 and 60 days after inoculation. Crotalaria ochroleuca reduced the number of females and the total number of eggs of the races 1, 2, 5 and 6. The reproduction of race 3 in crotalaria was equal to that of soybean cultivars in both assessment periods, whereas race 14 only reduced the reproduction in crotalaria to 60 days. Races 1 and 6 (30th day) and races 6 and 14 (60th day) showed number of eggs female -1 smaller than the controls. According to female index (FI), C. ochroleuca was resistant to races 1, 2 and 5, susceptible to race 3, and showed varying reactions to races 6 and 14.
Introduction
The soybean cyst nematode or SCN (Heterodera glycines Ichinohe) stands out among the main pests affecting soybean yield in Brazil. It is estimated that such yield may be totally compromised in case of severe infestations (Dias et al., 2009 ). This pathogen is responsible for causing yellow dwarf disease in soybeans, whose plants present intense yellow shade and reduced size (Dias et al., 2010) . It also leads to root system and yield reduction, as well as to premature plant death (Santos-Junior et al., 2002; Juhász et al., 2013) .
Heterodera glycines females show lemon-like shape and contain approximately 300 eggs; they remain attached to the root system in the form of small white spots (Schmitt & Riggs 1989; Dias et al., 2010) . Dead females detach from the root, acquire dark-brown coriaceous appearance, and are named cysts (Dias et al., 2010) . The function of this survival structure lies on protecting the eggs from desiccation, heat and deterioration-fact that keeps them viable for up to eight years, as well as on promoting their dissemination (Schmitt & Noel, 1984; Andrade & Asmus, 1997) . Silva-López & Pacheco, 2010) . Among more than 600 crotalaria species distributed worldwide, the following ones stand out in Brazil: C. juncea L., C. spectabilis Roth, C. paulina Schrank, C. breviflora D. C. and C. ochroleuca G. Don .
Crotalaria spectabilis and C. ochroleuca are the most used species to control phytonematodes in Brazil. Crotalaria spectabilis is efficient in reducing Meloidogynejavanica (Treub) Chitwood, M. incognita (Kofoid and White) Chitwood, Pratylenchus brachyurus (Godfrey) Filipjev and S. Stekhoven, and H. glycines, sincethe antagonistic action of the species was confirmed by Kushida et al. (2003) , Inomoto (2008) , Santana et al. (2012) and Rosa et al. (2013) . Crotalaria ochroleuca also appeared to be efficient in controlling P. brachyurus, M. incognita, M. javanica and Rotylenchulus reniformis Linford and Oliveira (Anwar et al., 1994; Ribeiro et al., 2007; Leandro & Asmus, 2015; Miamoto et al., 2016) . On the other hand, Riggs (1992) and Schwan (2003) reported that some crotalaria species may be SCN hosts. Schwan (2003) assessed H. glycines race 10 parasitism in different crotalaria species and observed juvenile penetration, as well as female development in C. ochroleuca roots. Thus, the current hypothesis is that the reaction of this plant to different H. glycines races may vary, fact that could compromise the efficiency of the crop rotation. In light of the foregoing, the aim of the current study was to assess C. ochroleuca susceptibility to H. glycines races 1, 2, 3, 5, 6 and 14.
Method
The experiments were conducted in a greenhouse located in Cambé, PR, Brazil (latitude 23º16′33″ S and longitude 51º16′42″ W) and adopted a completely randomized design with three treatments and six repetitions, wherein six nematode races were individually assessed 30 and 60 days after inoculation. The treatments comprised the species C. ochroleuca and two susceptible soybean cultivars (Lee and Conquista). Crotalaria ochroleuca seeds were sownin trays, containing autoclaved sand (for 2 hours, at 120 °C) and remained there for 25 days, before inoculation. Seedlings from the aforementioned soybean cultivars (controls) were also produced in previously autoclaved sand, seven days before inoculation.
The herein assessed H. glycines races (1, 2, 3, 5, 6 and 14) were obtained from pure inocula kept in soybean varieties (considered susceptibility patterns of each race), under greenhouse conditions. The inoculum was obtained through the methodology proposed by Dias-Arieira et al. (2003) -the roots of plants infected with the respective nematode races were manually washed (three times each) in running water and the extracted solution was separately deposited in a beaker. Subsequently, the solution was passed through 24 and 60 mesh sieves; cysts and females were collected in the last sieve. Then, the 60-mesh sieve was coupled to a 500 mesh one; the cysts and females were macerated in the first sieve to release eggs and juveniles, which were retained in the second sieve, in order to prepare the inoculum. The inoculum was calibrated into a 4 mL suspension containing 4,000 eggs and eventual second stage juveniles (J2) from each race, separately.
The experiment was carried out in pots containing 300 mL of previously autoclaved (2 hours, at 120 °C) soil-sand mixture (at ratio 1:3). The mixture was subjected to correction and fertilization, according to the chemical analysis of the soil, using 1,200 kg ha -1 limestone, 200 kg ha -1 potassium chloride and 160 kg ha -1 urea, which were converted into the ratio of the pots. The herein used soil was classified as typical Eutroferric Red Latosol (Embrapa, 2013) . Crotalaria ochroleuca seedlings and soybean cultivars 'Lee' and 'Conquista' were transplanted to the pots in 10-cm deep holes; subsequently, the inocula from each race were directly deposited on the root system, separately. The experiments, comprising each race were separated by a polyethylene curtain wall in order to prevent contamination at irrigation time. Plants were kept in the greenhouse for 30 and 60 days after inoculation, at temperature varying from 24 to 35 ºC, and under daily irrigation.
Plants were collected after the end of each inoculation period and the root system was carefully separated from the shoot to avoid losing females adhered to it. The shoot was discarded, whereas the root system was subjected to the aforementioned extraction methodology. The number of females per root system was assessed in a stereoscopic microscope equipped with a checkered-bottom acrylic plate. After the number of females was assessed, they were macerated, according to the herein mentioned methodology, in order to assess the total number of eggs and the number of eggs per female using Barlow lens under optical microscope.
The female index from each race was also assessed to allow classifying them as resistant or susceptible. The mean female index (FI) was presented as percentage; it was calculated by dividing the mean number of females found in C. ochroleuca by the mean number of females found in cultivar 'Lee' multiplied by 100. Thus, if the calculated FI was lower than 10%, the plant was classified as resistant; on the other hand, if the FI was equal to or higher than 10%, was classified as susceptible (Riggs & Schmitt, 1988) .
Data were subjected to analysis of variance and compared through Tukey test at 5% probability in the Assistat statistical software (Silva & Azevedo, 2016) .
Results
According to the herein gathered data, races 1, 2, 5 and 6 showed reduced number of females in C. ochroleuca plants, 30 days after inoculation (Table 1) . With respect to race 3, C. ochroleuca differed from the soybean cultivar 'Conquista', but not from 'Lee'; whereas race 14 presented reduced number of females in comparison to the soybean cultivar 'Lee' (Table 1 ). All the assessed races showed reduced number of females in C. ochroleuca plants 60 days after inoculation, in comparison to the controls (Table 1) . Note. Means followed by the same letter did not differ from each other in the Tukey test, at 5% probability. MSD: minimum significant difference.
Crotalaria ochroleuca presented reduction in the total number of eggs from races 1, 2, 5, 6 and 14, when it was compared to the controls 30 days after inoculation, whereas race 3 statistically differed from cultivar 'Conquista' (Table 2) . However, C. ochroleuca showed reduction in the total number of eggs from all the assessed races, 60 days after inoculation (Table 2) . Note. Means followed by the same letter did not differ from each other in the Tukey test, at 5% probability. MSD: minimum significant difference.
Races 1 and 6 produced fewer eggs per female ( not present significant statistical differences (Table 3 ). The number of eggs per female in races 1 and 5 did not statistically differ from the controls 60 days after inoculation, whereas races 2 and 3 only differed from each other in the cultivar 'Lee', since they produced, respectively, 74 and 30 eggs per female in C. ochroleuca, as well as 207 and 150 eggs per female in the soybean cultivar 'Lee' (Table 3) . Races 6 and 14 presented reduced number of eggs per female in C. ochroleuca, in comparison to the controls; 30 and 36 eggs per female in C. ochroleuca, and 204 and 195 eggs per female in the soybean cultivar 'Lee', respectively (Table 3) . Note. Means followed by the same letter did not differ from each other in the Tukey test, at 5% probability. ns = not significant. MSD: minimum significant difference.
Crotalaria ochroleuca was resistant (FI < 10) to races 1, 2 and 5 and susceptible (FI > 10) to race 3, regardless of the assessment period (Table 4) . On the other hand, there was FI variation in races 6 and 14. Race 6 presented FI > 10 (33.5), when it was assessed 30 days after inoculation, as well as FI close to 10 (9.5) 60 days after inoculation (Table 4) . Similar result was recorded for race 14, since C. ochroleuca presented FI (27.5) 30 days after inoculation, and FI (0.9) 60 days after inoculation (Table 4) . 
Discussion
The present study confirmed that C. ochroleuca allowed the development of all the SCN races, which completed the cycle and formed females in all the assessed incubation periods. Schwan (2003) assessed H. glycines race 10 development 30 and 45 days after inoculation and found females in C. ochroleuca plants, in both periods. The reaction of C. ochroleuca to the SCN differed from that recorded for other species, since the nematode did not reach maturity in C. spectabilis and C. juncea; only J3 and J4 stages were recorded 28 days after inoculation (Kushida et al., 2003) . Valle et al. (1996) assessed the reaction of different legumes to H. glycines and did not find female in C. striata, C. paulina and C. spectabilis; however, male formation was recorded in C. striata. Crotalaria juncea was classified as resistant to SCN (race 3), whose number of cysts was 0.05 and parasitism index was zero (Rossi & Ferraz, 2001 ).
Studies focused on assessing the relation between crotalaria and H. glycines species are scarce in the literature.On the other hand, the potential of Crotalaria spp. to control nematodes in several species was confirmed, mainly in studies using C. spectabilis and C. juncea against Meloidogyne spp. (Inomoto et al., 2006; Santana et al., 2012; Rosa et al., 2013; Miamoto et al., 2016) and P. brachyurus (Inomoto et al., 2006; Dias et al., 2012; Vedoveto et al., 2013; Braz et al., 2016) . Silva et al. (1989) assessed M. javanica development in C. spectabilis, C. juncea, C. retusa and C. paulina; however, they did not record formation of adult individuals 45 days after inoculation. Crotalaria juncea impaired the life cycle of the R. reniformis species-although it did not prevent egg formation, it delayed female development-in comparison to favorable hosts such as cowpea (Wang et al., 2002b) .
The action mechanism of Crotalaria species has been mainly investigated in studies about root-knot nematodes. Accordingly, studies indicated that M. incognita penetrated the root system of crotalaria plants, although it did not fully develop (Jaehn & Mendes, 1979) . Similar result was recorded for M. javanica in C. spectabilis, C. ochroleuca and in C. juncea (Miamoto et al., 2016) . According to reports, the ability of crotalaria plants to interfere in certain nematode development stages results from the production of pyrrolizidine alkaloids (PA), mainly the monocrotaline, which suppresses pathogen development (Calegari et al., 1993; Wang et al., 2002a; Lopes et al., 2008) .
Studies about the action of PAs showed that M. incognita mobility was affected, although it did not prevent nematode penetration, when concentration 10 μg mL -1 PA was used (Fassuliotis & Skucas, 1969) . In addition, shoot and root extracts from different crotalaria species-such as C. pallida, C. goreensis and C. retusa-used separately, showed nematosthetic potential against second stage M. javanica, M. incognita and M. enterolobii Yang and Eisenback (= M. mayaguensis) juveniles (Jourand et al., 2004) . According to Danahap and Wonang (2016) , root exudates from C. retusa, C. breviflora, C. spectabilis and C. juncea have nematicidal properties that may kill M. incognita or inhibit its development.
Crotalaria ochroleuca did not affect the full SCN development in the current study; however, races 1, 2, 5 and 6 showed reduced number of females in the root system 30 days after inoculation, whereas all the races showed reduction in such parameter 60 days after inoculation. Thus, feeding sites may have limited functionality in female feeding; therefore, in addition to reducing the number of nematodes, these sites may also affect females' reproduction capacity (Wang et al., 2002a) .
Histopathological studies confirmed that the M. javanica feeding site was modified in C. spectabilis and C. juncea roots, since the giant cells formed therein showed dense, granular, poorly-nucleated cytoplasm without large vacuoles, thus limiting nematode feeding and, consequently, its development (Silva et al., 1990) . Studies using Mucuna pruriens (L.) DC. as H. glycines race 3 antagonist plant showed that the syncytial cells degenerated and were inefficient in feeding the nematode. The syncytia observed 15 and 20 days after inoculation, in the current study, were necrotic or poorly functional, showed dense cytoplasm, ruptured cell walls and hypertrophied nuclei, fact that did not allow the pathogen to become fully grown (Sanches, 2001) . However, it is necessary conducting histopathological studies about the crotalaria and SCN pathosystems in order to confirm such action mechanism.
Reduced number of H. glycines eggs was recorded in both assessments. This nematode, which is able to produce 300 eggs per female, on average (Schmitt & Riggs, 1989) , showed production lower than 40 female eggs -1 in races 1 and 6 (30 days after inoculation) and in races 6 and 14 (60 days after inoculation). Similar results were recorded when C. spectabilis, C. juncea, C. mucronata Desv., C. breviflora and C. ochroleuca were used to reduce the egg mass of M. javanica and M. enterolobii, in comparison to results recorded for Rutgers tomatoes, which were used as control (Rosa et al., 2013; Rosa et al., 2015) . Data concerning the number of eggs per female did not statistically differ between the other races and the controls, in both assessments.
The female index assessment confirmed C. ochroleuca variation against different H. glycines races; it was susceptible to race 3, resistant to races 1, 2 and 5, and showed varying reactions to races 6 and 14. Soares et al. (2015) confirmed C. ochroleuca susceptibility to H. glycines race 3, when they cultivated this plant species in the field; they observed symptoms such as intense yellow shade and smaller plant size in subjected to laboratory analysis, which confirmed pathogen presence in the root system; more than 9,000 eggs and J2 were found in 10 g root.
Although C. ochroleuca was susceptible to races 6 and 14, 30 days after inoculation (according to FI), it was resistant to them 60 days after it; it showed that the plant did not prevent nematode penetration; however, it may have developed some late resistance mechanism, since it reduced the number of females 60 days after inoculation. Despite the scarcity of studies focused on investigating C. ochroleuca susceptibility to SCN, it was
